Effects of DNA topology, temperature and solvent viscosity on DNA retardation in slalom chromatography.
Slalom chromatography is a unique size-fractionation method applicable to large DNA molecules [>5 kilobase pairs (kbp)]. The method was first developed by using columns packed with microbeads (diameter, <20 microm) used for high-performance liquid chromatography and by applying a relatively fast flow-rate (>0.3 ml/min). Previous studies suggested that the separation is attributed to a hydrodynamic rather than to an equilibrium phenomenon (J. Hirabayashi and K. Kasai, Anal. Biochem. 178 (1989) 336; J. Hirabayashi, N. Itoh, K. Noguchi and K. Kasai, Biochemistry, 29 (1990) 9515). In the present report, the results of a systematic study on the effects of DNA topology, temperature, and solvent viscosity on DNA retardation are described. Firstly, the behaviour of circular (super-coiled) and linearized forms of charomid DNAs (20-42 kbp) was studied. Circular-form DNA molecules were found to be fractionated size-dependently similarly to linear forms in a flow-rate dependent manner. However, the extent of retardation of the circular form DNA was apparently less than that of the corresponding linear forms. Circular DNAs showed almost the same retardation (e.g., 42 kbp) as DNA fragments (e.g., 20 kbp) having approximately half of the size of the former. This observation indicates that DNA retardation is basically related to physical length, not to mass. Secondly, to study the effect of temperature with special reference to solvent viscosity, we carried out chromatographic analysis at various temperatures ranging from 6 to 65 degrees C in both the absence and presence of sucrose (10 or 20%, w/v). The results showed that it is the solvent viscosity that determines the extent of retardation. Taken together, all of physicochemical parameters that define hydrodynamic properties, i.e., particle size, flow-rate and solvent viscosity, proved to be critical in slalom chromatography as well as the potential physical length of the DNA, thus supporting the concept that slalom chromatography is based on a hydrodynamic principle.